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ABSTRACT

Comprehensive databases of microRNA–disease as-
sociations are continuously demanded in biomedical
researches. The recently launched version 3.0 of Hu-
man MicroRNA Disease Database (HMDD v3.0) manu-
ally collects a significant number of miRNA–disease
association entries from literature. Comparing to
HMDD v2.0, this new version contains 2-fold more
entries. Besides, the associations have been more
accurately classified based on literature-derived ev-
idence code, which results in six generalized cate-
gories (genetics, epigenetics, target, circulation, tis-
sue and other) covering 20 types of detailed evidence
code. Furthermore, we added new functionalities like
network visualization on the web interface. To ex-
emplify the utility of the database, we compared the
disease spectrum width of miRNAs (DSW) and the
miRNA spectrum width of human diseases (MSW)
between version 3.0 and 2.0 of HMDD. HMDD is freely
accessible at http://www.cuilab.cn/hmdd. With accu-
mulating evidence of miRNA–disease associations,
HMDD database will keep on growing in the future.

INTRODUCTION

MicroRNAs (miRNAs) are an important class of small
non-coding RNA molecules that regulate gene expression
by targeting mRNAs for cleavage or translational repres-
sion (1,2). With the development of high-throughput ex-
perimental techniques, researchers have confirmed ∼2600
miRNAs, which are likely to target more than 60% of hu-
man protein-coding genes (3,4).

Given the important functionality of miRNAs, dysregu-
lation of miRNAs is associated with a large number of dis-
eases, such as cancer, cardiovascular diseases, and neurode-
generative diseases (5). Therefore, a database for miRNA–
disease association is important for biomedical scientists in-
vestigating the roles of miRNAs in diseases, and for bioin-
formatics scientists discovering patterns of miRNAs in dis-
eases and developing novel miRNA–disease association
prediction algorithms. For this purpose, we built the first
version of human microRNA disease database (HMDD)
on December 2007 (6) and released the second version on
June 2013 (7). During the past 11 years, we have updated it
more than 30 times to ensure that HMDD could keep up
with research advances in recent years. However, the roles
of miRNAs in diseases are prominently diverged. For ex-
ample, miRNAs can both promote and suppress cancers
occurrence and progression, and they can serve as diagno-
sis and prognosis biomarkers (8–11) and novel therapeutic
targets for the treatment of cancers (12,13). Therefore, it is
of urgent demand to update the database for more com-
prehensive data coverage and more accurate classifications
of the miRNA–disease association evidence. To this end,
we adopted an improved pipeline for manual data curation
(Figure 1A) and launched v3.0 version of HMDD. Cur-
rently, HMDD v3.0 has collected 32281 experimentally sup-
ported miRNA–disease association entries, covering 1102
miRNA genes, 850 diseases from 17412 papers. As the re-
sult, there is about two-fold increment of data, comparing
to HMDD v2.0, which collected 10368 entries that include
572 miRNA genes, 378 diseases from 3511 papers. Accord-
ing to experimental evidence, we classify these entries into
six categories covering 20 different evidence codes (Table
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Figure 1. Overview of the HMDD v3.0 database. (A) The schematic overview of HMDD v3.0. (B) Pie chart depicting the fractions of entries from six
evidence categories. (C) Circular chart showing the distribution of all 850 diseases on the basis of disease classification from Disease Ontology. (D) Cumu-
lative counts of miRNA–disease entries per publication time. (E) The comparison between HMDD v3.0 and other miRNA–disease association databases.
N.S., non-specific or non-standardized.

1). A more detailed description of the updated database is
available at the following sections.

DATA COLLECTION AND OVERVIEW

The main purpose of HMDD v3.0 is to provide a conve-
nient and comprehensive web-based resource where users
can search, browse, download and analyze the experi-
mentally supported miRNA–disease associations. To com-
pile the dataset, similar to HMDD v2.0 (7), we used
the keywords ‘microRNA’, ‘miRNA’ or ‘miR’ to obtain
microRNA-related papers from PubMed and downloaded
these publications’ abstracts. After that, we read these ab-
stracts to extract information about miRNA–disease asso-
ciations, which contains miRNA name, disease name, the
publication PubMed ID (PMID) and evidence supporting

the relationship between miRNA and disease. Then, we per-
formed classification of miRNA–disease associations ac-
cording to the evidence. Figure 1B depicts the overall view
of the six categories of evidence, where the ‘target’ and ‘tis-
sue’ categories composites the largest fraction of experi-
mental reports. Besides, we also re-curated the miRNA–
disease association data from TAM 2.0 server (14) if they
were not included. For each miRNA–disease association
entry, we also standardized miRNA names on the basis
of the miRBase (http://www.mirbase.org/) (3) and the dis-
ease names mainly according to Disease Ontology (http:
//www.disease-ontology.org) (15) and MeSH Terms (https:
//www.ncbi.nlm.nih.gov/mesh). According to the disease hi-
erarchy from Disease Ontology (15), we further grouped
diseases into eight types (Figure 1C).

http://www.mirbase.org/
http://www.disease-ontology.org
https://www.ncbi.nlm.nih.gov/mesh
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Table 1. The six categories of evidence covering 20 different evidence codes (‘ns’ means ‘non-specific’)

Class Code The number of entries

Circulation circulation biomarker diagnosis up 994
Circulation circulation biomarker prognosis up 115
Circulation circulation biomarker diagnosis down 559
Circulation circulation biomarker prognosis down 64
Circulation circulation biomarker diagnosis ns 2110
Circulation circulation biomarker prognosis ns 278
Tissue tissue expression down 2442
Tissue tissue expression up 2835
Tissue tissue expression ns 2953
Genetics genetics knock down promote 225
Genetics genetics knock down suppress 199
Genetics genetics overexpression promote 275
Genetics genetics overexpression suppress 568
Genetics genetics GWAS 1035
Epigenetics epigenetics 644
Target therapeutic target 2080
Target lncRNA target 267
Target target gene 6356
Target transcription factor target 361
Other other 7921

The cumulative count of miRNA–disease entries per
year is summarized in Figure 1D. Since the publication of
HMDD v2.0, the accumulation of experimental reports has
kept on accelerating, which again signifies the necessity of
HMDD updates. Interestingly, the studies that focus on the
expression of miRNA in circulation system or lesion tissues
contribute the most to the growth of data, which indicates
the wide application of transcriptome profiling for screen-
ing potential miRNA biomarkers and therapeutic targets.
However, such kind of experiential evidence is often weak
or preliminary. In HMDD v3.0, we provided detailed evi-
dence code for each miRNA–disease entry, so that the users
could assess the confidence level of the miRNA–disease as-
sociations. In all, the detailed evidence code classification
and disease name standardization, together with the signif-
icant data accumulation, constitute the major improvement
of HMDD v3.0, as depicted in Figure 1E that compares the
HMDD v3.0 with HMDD v2.0 and other human miRNA–
disease association databases (7,16–19).

DATABASE USAGE

The HMDD v3.0 website is now available at http://www.
cuilab.cn/hmdd, by using the SQLite+Django framework.
Users can browse all the hierarchical structure of the
database in the ‘Browse’ page. The entries are firstly
grouped based on their evidence categories, which consti-
tute the top node in the hierarchical tree. Under one cate-
gory, user can choose a miRNA or a disease to obtain the re-
lated entries. Each entry is supplemented with its reference
PMID and description of the experimental evidence, and
details of miRNA or disease terms are accessible by clicking
the links on the miRNA/disease name. For each miRNA,
links to miRBase (3) and the functional enrichment infor-
mation of its target genes (14) are provided. Briefly, we
obtained the known functional gene sets (including Hall-
marks, GO, KEGG) from MSigDB (20), and target genes
from miRWalk. Since the target data of miRWalk (21) in-

clude predicted results and experimental evidence, the tar-
get gene set for each miRNA was defined as the consensus
of both two kind of target data. Then we performed gene
set enrichment analysis for each target gene set using hy-
pergeometric test. Finally, the P values for all signature gene
sets are adjusted by Benjamini-Hochberg correction. As the
miRNAs of HMDD are organized at the miRNA precur-
sor level, the enriched functions of each mature miRNA
are aggregated to the corresponding miRNA precursor.
As for the disease terms, they are linked to various dis-
ease nomenclature databases including ICD10CM (https:
//www.icd10data.com/), MESH (https://www.ncbi.nlm.nih.
gov/mesh), OMIM (http://omim.org/), DOID (http://www.
disease-ontology.org/) and HPO (https://hpo.jax.org/app/).

Alternatively, users can utilize the ‘Search’ function in
the website. They can quickly obtain the results by sim-
ply entering the full miRNA/disease name (exact mode) or
the miRNA/disease keyword (fuzzy mode) in the searching
field. The batch searching is also allowed if multiple (at max-
imum 20) semicolon-delimited keywords are entered. The
searching results can be downloaded by clicking the button
above the result table. Thirdly, users could not only down-
load all the datasets in the ‘Download’ page and but also
submit their own evidence in the ‘Submit’ page. For non-
specialists, we described the HMDD usage in more details
and offer them guidelines in the ‘Help’ page of website. Fi-
nally, we added a function for the network visualization of
(disease-context) miRNA–target interaction, based on the
experimentally supported miRNA–target data from miR-
TarBase (22). Users can click one disease to view the inter-
action network between the miRNAs and genes associated
with this disease (the disease genes are from DisGeNET
(23)). Besides, we added the regulation pattern (up/down)
between miRNA and genes, using the annotations from
TarBase v8 (24). Alternatively, if users click one miRNA
name, all disease genes targeted by this miRNA will be il-
lustrated in the similar network fashion.

http://www.cuilab.cn/hmdd
https://www.icd10data.com/
https://www.ncbi.nlm.nih.gov/mesh
http://omim.org/
http://www.disease-ontology.org/
https://hpo.jax.org/app/
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Figure 2. Comparison of DSW and MSW scores between HMDD v3.0 and HMDD v2.0. (A) The top 10 miRNAs with the highest DSWs in HMDD
v3.0. (B) The top 10 miRNAs with the highest DSWs in HMDD v2.0. (C) The top 10 miRNAs with the highest MSWs in HMDD v3.0. (D) The top 10
miRNAs with the highest MSWs in HMDD v2.0.

EXAMPLE OF DATA UTILITY: ANALYSIS OF DSW
AND MSW

The importance of one miRNA in human diseases can be
roughly assessed by its disease spectrum width (DSW), a
straightforward measurement that was proposed by us in a
previous research (25). The DSW of one miRNA i reads:

DSW(i ) = n(i )/N

where n(i) is the number of diseases associated with miRNA
i, N is the total number of diseases in the database (25).
We compared the DSW scores based on HMDD v3.0 and
HMDD v2.0 (Figure 2A and B). Interestingly, the top three
miRNAs are shared, i.e. miR-21 (0.36), miR-155 (0.28) and
miR-146a (0.24) comparing to HMDD v2.0 (miR-21: 0.33,
miR-155: 0.24, miR-146a: 0.19), suggesting that they are
associated with many diseases and have important roles
in multiple biological processes. Besides, their DSWs are
higher in the HMDD v3.0 results, indicating the novel dis-
ease association of these miRNAs have been continuously
proposed in recent years. Finally, since the disease associ-
ation spectrum of these miRNAs are especially wide, they
are not likely to server as biomarkers since the disease speci-
ficity is not satisfactory.

In the HMDD v2.0 (7), we introduced a similar measure-
ment for each disease, i.e. miRNA spectrum width (MSW)
of a disease. If one disease is associated with many miR-
NAs, its underlying mechanism would involve a compli-
cated miRNA regulatory network. Therefore, MSW could
be used to preliminarily evaluate the complexity of a dis-

ease (7). The top 10 diseases with the highest MSWs based
on HMDD v3.0 and HMDD v2.0 were show in Figure
2C and D. Clearly, cancers, as the well-acknowledged com-
plex diseases, dominate the top list of diseases, though there
are marginal differences in the detailed rank of diseases be-
tween HMDD v3.0 and HMDD v2.0. The analysis results
of DSW and MSW are also provided in the ‘Download’
page of HMDD v3.0 website for further investigations.

CONCLUSION

miRNAs are showing increasing importance in numerous
diseases, and their potential ability of being diagnosis and
prognosis biomarkers and therapeutic targets have been re-
peatedly demonstrated. Therefore, it is necessary to build
and update miRNA–disease association databases to in-
clude the recent studies. HMDD v3.0 integrated many past
publications about miRNA–disease associations, and of-
fered evidence-stratified miRNA–disease data based on six
categories of 20 evidence codes. HMDD v3.0 also provided
two new function modules: (target gene) functional enrich-
ment information of each miRNA and miRNA–target net-
work online visualization. As a demonstration of database
usefulness, MSW and DSW metrics were calculated and
made available at the website. The important roles of sev-
eral miRNAs have been confirmed by comparing the DSW
scores derived from HMDD v3.0 and those derived from
HMDD v2.0. Moreover, HMDD datasets could also be
used for various analyses including but not limited to trac-
ing the research hotspot, predicting miRNA-associated dis-
ease and performing functional enrichment analysis. In-
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deed, there were several successful prediction tools for
miRNA–disease associations (26,27) based on the previous
versions of HMDD, and therefore the HMDD v3.0 data
could serve as the expanded training dataset for further
improvement of such tools. Furthermore, besides HMDD,
there are also some other miRNA–disease databases, such
as miR2Disease (18), PhenomiR (28), dbDEMC (29), the
data in HMDD could be used to rapidly update these
databases by their authors. Finally, we believe HMDD v3.0
represents an important and useful resource for investigat-
ing miRNA–disease associations. With continuous updat-
ing of HMDD, users will get more comprehensive informa-
tion about miRNA–disease associations in the future.
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